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Research  Advisor:  Prof.  Gar  B.  Hoflund 
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degradation  in  Low  Earth  Orbit  space 
environment 


LEO  Environment 
(Altitudes  of  200  to  1500  km) 
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VUV  wavelengths  in  LEO  extend  below  290nm. 

Bond  scission  and  radical  formation  can  lead  to  embrittlement. 


Goal:  Develop  Multi-Functional,  Space- 
Survivable  Materials  (AFOSR/ER) 


•  Self-Passivating/Self-Rigidizing/Self-Healing  based  on  Hybrid  organic/  inorganic 
nanocomposite  incorporation 


Groh,  K.K.,  Banks,  B.A.,  J.  Spacecraft  and  Rockets,  Vol.  31,  No.  4,  656-664  (1994) 
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•Hybrid  plastics  can  bridge  the  barrier  between  ceramics  and  polymers 


POSS  Polymer  Incorporation 
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POSS  Blending 


POSS  =  Polyhedral  Oligomeric  Silsesquioxane 
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•  The  maximization  of  property  enhancements  in  polymers  results  from 
interaction  at  the  nano-level 


Anatomy  of  a  POSS  Nanostructure 
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reinforcement  of  polymer  segments  an 


1 


o 

*  c 
o  5 

£■5 

E  = 

I  I 

CO  CO 
CO  CO 

oo 

CL  CL 


o  0  !5 

9-1 

CO  CO  CO 
CO  CO  CO 

ooo 

CL  CL  CL 


0 


(0 

0 

S 

> 

c  O 

o  °- 

4—  "D 

®  c 
0 


■ 

CO 

CO 

o 

CL 


2 

0 

£ 

o 

c 

o 

E 


0 

0 

+■» 

0 

C 

0 

>% 

O 

o 

0 
mmm 
•  utm 

T3 

S' 

0 


membrane  cooling  rod/ 

02  supply  tube 


Photoemission  process  occurring  during  XPS 


Sampling  Depth  of  Phot 
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Kapton 
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\ 

\ 


exposure  following  the  24-hr  exposure. 


Resolution  C  Is  and  O  Is  spectra  obtained  from  a  solvent-cleaned,  Kapton  film  after 
(a)  insertion  into  the  vacuum  system,  (b)  a  20-min,  and  (C)  a  24-h  exposure  to  the 
hyperthermal  AO  flux,  and  (d)  a  3-hr  air  exposure  following  the  24-hr  exposure. 


(spn  g/(g)N 


Binding  Energy  (ev) 

High  Resolution  N  Is  spectra  obtained  from  a  solvent-cleaned,  Kapton  film  after 
[a)  insertion  into  the  vacuum  system,  (b)  a  20-min,  and  (C)  a  24-h  exposure  to  the 
hyperthermal  AO  flux,  and  (d)  a  3-hr  air  exposure  following  the  24-hr  exposure. 


AFM  images  from  a  solvent-cleaned  Kapton  film  after  (a) 
insertion  into  the  vacuum  system,  (b)  a  20-min,  and  (c)  ,a  24-hr 
exposure  to  hyperthermal  AO  flux. 


POSS  Siloxane 


Binding  Energy  (ev)  Gonzalez,  R.  I.,  Phillips,  S.  H.,  Hoflund,  G.  B.,  J.  of  Spacecraft  and 

Rockets,  Vol  37,  No.  4,  2000,  pp.  463-467. 

XPS  survey  spectra  obtained  from  a  solvent-cleaned,  POSS-PDMS  film  (a)  after  insertion  into 
the  vacuum  system,  (b),  after  a  2-hr  (c)  24.6-hr  and  (d)  63-hr  exposure  to  the  hyperthermal  AO 
flux,  and  (e)  4.75-hr  air  exposure  following  the  63-hr  AO  exposure.  5 
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(sjjun  AjBJjiqje)  (g)N 


Binding  Energy  (eV) 

High  Resolution  Si  2p  spectra  obtained  from  a  solvent-cleaned,  POSS-PDMS  film  (a)  after 
insertion  into  the  vacuum  system,  (b),  after  a  2-hr  (c)  24.6-hr  and  (d)  63-hr  exposure  to  the 
hyperthermal  AO  flux,  and  (e)  4.75-hr  air  exposure  following  the  63-hr  AO  exposure. 


SEM  of  POSS-Siloxane  Copolymer 


present  initially  in  the  POSS-siloxane  sample. 


Properties  of  POSS-Urethanes 


43%  POSS*  260, 320  344  °C  20.0  Solid  Rubber 


Moduli  for  POSS  BPA  and  TMP  Urethanes 
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following  the  63-hr  exposure. 


(sjjun  AjBJiiqje)  (3)n 


Binding  Energy  (eV)  Binding  Energy  (eV) 

High  Resolution  C  Is  and  O  Is  spectra  from  a  60  wt%  POSS-PU  (a)  after  insertion  into  the  vacuum 
system,  (b)  after  a  2-hr  (c)  24-hr  and  (d)  63-hr  exposure  to  the  hyperthermal  AO  flux,  and  (e)  3.3-hi 

air  exposure  following  the  63-hr  exposure.  26 
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High  Resolution  Si  2p  spectra  from  a  60  wt%  POSS-PU  (a)  after  insertion  into  the  vacuum  system,  (b) 
after  a  2-hr  (c)  24-hr  and  (d)  63-hr  exposure  to  the  hyperthermal  AO  flux,  and  (e)  3.3-hr  air  exposure 

following  the  63-hr  exposure.  27 
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Note:  DuPont  claims  that  the  Tg  of  Kapton  H  is  in  the  range  of  360  -  41 0°C,  "depending 
on  how  it  is  measured. " 


Octaphenylamino  Silsesauioxane  Imide  Resin 
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Octaphenylamino  Silsesquioxane  Imide  Resin 


Binding  Energy  (eV) 


Octaphenylamino  Silsesquioxane  Imide  Resin 


Binding  Energy  (eV) 


Beam-Surface  Scattering/ Atomic  Oxygen  Test  Facility 


Pulsed  C02  Laser  Atomic  Oxygen  Generator 


Energy  distribution  beams  produced  by  the  pulsed  C02  laser 

AO  source 
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Translational  Energy  (eV)  Translational  Energy  (eV) 


Kapton  H  Kapton  10  wt%  POSS 


O-Atom  Etching  Experiment 

8.47  x  1020  atoms  cm-2 


Scanning  Length  (mm) 


20%  POSS  Kapton 
Average  etch  depth:  0.41  pm 
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Multiplot  of  profllometry  measurements  obtained  from 
Kapton  HN  and  0, 10  and  20  wt%  POSS-Kapton  polyimides 
exposed  to  a  total  AO  fluence  of  2.62  x  1020  atoms/cm2. 


0-Atom  Etching  Experiment 

Total  Fluence  =  2.62  x  1020  atoms  cm-2 


MATERIALS  INTERNATIONAL  SPACE  STATION  EXPERIMENT 


MATERIALS  INTERNATIONAL  SPACE  STATION  EXPERIMENT 


Footage  courtesy  of  NASA 


Development  of  CpPOSS  aniline  model  compound 
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